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REMARKS 

The Examiner's non-final Office Action of May 28, 2003 has been received and its 
contents reviewed. Applicants would like to thank the Examiner for reopening prosecution of 
the present application, and for the consideration given to the above-identified application,. 

By the above actions, claims 1 and 2 have been amended. Accordingly, claims 1 -2 
are pending for consideration, of which claims 1 and 2 are independent. 

Referring now to the detailed Office Action, claims 1 and 2 stand rejected under 35 
U.S.C. §103(a) as unpatentable over Matsumoto et al. (U.S. Patent No. 5,196,912 - hereafter 
Matsumoto) in view of Nakamura et al. (JP Sho 61-61297 - hereafter Nakamura). Further, 
claims 1 and 2 stand rejected under 35 U.S.C. 103(a) as unpatentable over Nakamura (U.S. 
Patent No. 6,285,577) in view of Homma et al. (U.S. Patent No. 5,163,022 - hereafter 
Homma). Finally, claims 1 and 2 stand rejected under 35 U.S.C. § 103(a) as unpatentable 
over Forbes et al. (U.S. Patent No. 6,498,362 - hereafter Forbes) in view of Hidaka (U.S. 
Patent No. 6,1 72,91 8). In response, Applicants respectfully traverse the rejections for the 
reasons provided below. 

With respect to the rejection over Nakamura in view of Homma, Applicants submit 
herewith a certified translation of the priority document JP Patent Application No. 2000- 
192464, having the priority date of June 27, 2000. The limitations of claims 1 and 2 of the 
present invention are based on the priority application. Therefore, the Nakamura reference, 
having the filing date of September 28, 2000, is now unqualified as prior art, and the 
combination of Nakamura and Homma in the § 103(a) is improper. 

A novel feature of the amended claims 1 and 2 of the present invention resides in the 
features wherein the magnitude of the voltage applied between the drain and the source of the 
field effect transistor in the step of reading a data is set within a range, such that a drain- 
source current of the field effect transistor increases as a drain-source voltage thereof 
increases under the condition that the voltage/current characteristics of the field effect 
transistor change due to a reduction in polarization and disappearance of charges after 
retention. 

With respect to the rejection of claims 1 and 2 over Matsumoto and Nakamura, the 
Matsumoto reference teaches a memory including a ferroelectric layer having a hysteresis 
characteristic, while Nakamura teaches, in page 6, setting a read- voltage of a field effect 
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transistor ( not a ferroelectric memory ) within an unsaturated range in the step of data reading. 
However, both Matsumoto and Nakamura fail to disclose or suggest the feature wherein the 
magnitude of the voltage applied between the drain and the source of the field effect 
transistor in the step of reading a data is set within a range, such that a drain-source current of 
the field effect transistor increases as a drain-source voltage thereof increases under the 
condition that the voltage/current characteristics of the field effect transistor change due to a 
reduction in polarization and disappearance of charges after retention, as recited in amended 
claims 1 and 2. 

An object of the present invention is to prevent the problem of the lowering of the 
read-voltage with respect to the passing of time, and thereby improving the retention 
characteristic of the nonvolatile semiconductor memory. This is a problem unique to the 
ferroelectric film of a nonvolatile semiconductor memory. However, both Matsumoto and 
Nakamura fail to recognize such problem and hence do not disclose or suggest the 
aforementioned novel feature of the amended claims 1 and 2 of the present invention. 

The requirements for establishing a prima facie case of obviousness, as detailed in 
MPEP § 2143 - 2143.03 (pages 2100-122 - 2100-136), are: first, there must be some 
suggestion or motivation, either in the reference themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference to combine the teachings; 
second, there must be a reasonable expectation of success; and, finally, the prior art reference 
(or references when combined) must teach or suggest all of the claim limitations. Without 
proper suggestion or motivation to combine the setting a read-voltage of a FET (i.e., not a 
ferroelectric memory ) within an unsaturated range in the step of data reading of Nakamura 
with a memory having a ferroelectric layer having a hysteresis characteristic of Matsumoto, 
the combination of these cited prior art references is improper. 

With respect to the rejection of claims 1 and 2 over Forbes and Hidaka, Forbes 
teaches a memory of a gate transistor having a ferroelectric layer, while Hidaka teaches 
setting differential amplifiers, which are connected to a sense amplifier, to unsaturated 
operations. Specifically, Hidaka discloses that the differential amplifiers connected to the 
sense amplifier are composed of Ql , Q2, Q3, Q4 and Q5. Further, transistors Q4 and Q5 of 
these differential amplifiers are set to unsaturated operations. As disclosed by Hidaka, the 
speed of the unsaturated operation is faster than that of a saturated operation (see column 13, 
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lines 19-36). 

On the other hand, according to the presently claimed invention, the field effect 
transistor composing the memory cell is set to an unsaturated operation, and hence is 
completely different from Hidaka which teaches the differential amplifiers are set to 
unsaturated operations. 

Since both Forbes and Hidaka fail to disclose the features wherein the voltage applied 
between the drain and the source of the field effect transistor composing the memory cell is 
set within a range, such that a drain-source current of the field effect transistor increases as a 
drain-source voltage thereof increases, the amended claims 1 and 2 of the present invention 
are distinguished over Forbes and Hidaka. Without proper motivation or suggestion to 
combine the differential amplifier set to unsaturated operation in Hidaka and the gate 
transistor having a ferroelectric layer of Forbes, the application of Hidaka and Forbes is 
improper. 

Applicants respectfully submit that, as evident in Hidaka and Nakamura, the operation 
of a transistor in unsaturated region can be found a numerous references. However, none of 
the references teach, disclose, or suggest a method for driving a semiconductor memory 
composed of an MFS transistor or MFMIS transistor, wherein the magnitude of the voltage 
applied between the drain and the source of the field effect transistor in the step of reading a 
data is set within a range, such that a drain-source current of the field effect transistor 
increases as a drain-source voltage thereof increases under the condition that the 
voltage/current characteristics of the field effect transistor change due to a reduction in 
polarization and disappearance of charges after retention, as recited in amended claims 1 and 
2. 

In other words, although the concept of using a transistor in the unsaturated region in 
itself is not novel, the application of a transistor in the memory driving method of amended 
claims 1 and 2 are not taught, disclosed, or suggested by the cited prior art references. 

In view of the amendments and arguments set forth above, Applicants respectfully 
requests reconsideration and withdrawal of all the pending rejections. 

While the present application is now believed to be in condition for allowance, should 
the Examiner find some issue to remain unresolved, or should any new issues arise, which 
could be eliminated through discussions with Applicants' representative, then the Examiner is 
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invited to contact the undersigned by telephone in order that the further prosecution of this 
application can thereby by expedited. 

Respectfully submitted, 



NIXON PEABODY LLP 
Suite 900, 401 9 th Street, N.W. 
Washington, D.C. 20004-2128 
(202) 585-8000 




Donald R. Studebaker 
Registration No. 32,815 
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^ ' JName of the Document] SPECIFICATION 

ffrtle of the Invention] SEMICONDUCTOR MEMORY AND METHOD FOR DRIVING 

THE SAME 

[Claims] 

[Claim 1] A method for driving a semiconductor memory composed of an MFS 
transistor including a field effect transistor having a gate electrode formed on a 
ferroelectric film or an MFIS transistor including a field effect transistor having a gate 
electrode formed on a multi-layer film of a ferroelectric film and a dielectric film, 
comprising the steps of: 

writing a data in said semiconductor memory by changing a polarized state of said 
ferroelectric film by applying a voltage to said gate electrode; and 

reading a data written in said semiconductor memory by detecting a current change 
appearing between a drain and a source of said field effect transistor by applying a voltage 
between the drain and the source of said field effect transistor with a voltage applied to 
said gate electrode, 

wherein magnitude of the voltage applied between the drain and the source of said 
field effect transistor in the step of reading a data is set within a range where a drain-source 
current of said field effect transistor increases as a drain-source voltage thereof increases. 

[Claim 2] A method for driving a semiconductor memory composed of an MFMIS 
transistor including a ferroelectric capacitor formed above a gate electrode of a field effect 
transistor and having a control gate composed of an upper electrode of said ferroelectric 
capacitor, comprising the steps of: 

writing a data in said semiconductor memory by changing a polarized state of a 
ferroelectric film of said ferroelectric capacitor by applying a voltage to said control gate; 
and 

reading a data written in said semiconductor memory by detecting a current change 
appearing between a drain and a source of said field effect transistor by applying a voltage 

1 



between the drain and the source of said field effect transistor with a voltage applied to 
said control gate, 

wherein magnitude of the voltage applied between the drain and the source of said 
field effect transistor in the step of reading a data is set within a range where a drain-source 
5 current of said field effect transistor increases as a drain-source voltage thereof increases. 

[Claim 3] A semiconductor memory composed of an MFS transistor including a 
field effect transistor having a gate electrode formed on a ferroelectric film or an MFIS 
transistor including a field effect transistor having a gate electrode formed on a multi-layer 
film of a ferroelectric film and a dielectric film, comprising: 
10 first voltage supply means for supplying a first voltage to said gate electrode for 

changing a polarized state of said ferroelectric film in data write; and 

second voltage supply means for supplying a second voltage between a drain and a 
source of said field effect transistor in data read, 

wherein magnitude of said second voltage supplied by said second voltage supply 
15 means is set within a range where a drain-source current of said field effect transistor 
increases as a drain-source voltage thereof increases. 

[Claim 4] A semiconductor memory composed of an MFMIS transistor including a 
ferroelectric capacitor formed above a gate electrode of a field effect transistor, 
comprising: 

20 a control gate composed of an upper electrode of said ferroelectric capacitor; 

first voltage supply means for supplying a first voltage to said control gate for 
changing a polarized state of said ferroelectric film in data write; and 

second voltage supply means for supplying a second voltage between a drain and a 
source of said field effect transistor in data read, 
25 wherein magnitude of said second voltage supplied by said second voltage supply 

means is set within a range where a drain-source current of said field effect transistor 
increases as a drain-source voltage thereof increases. 



[Detailed Description of the Invention] 

[Technical Field to which the Invention Belongs] 
The present invention relates to a nonvolatile semiconductor memory and a method 
for driving the same. More particularly, it relates to a semiconductor memory composed 
of an MFS transistor including a field effect transistor having a gate electrode formed on a 
ferroelectric film, an MFIS transistor including a field effect transistor having a gate 
electrode formed on a multi-layer film of a ferroelectric film and a dielectric film or an 
MFMIS transistor including a ferroelectric capacitor formed on a gate electrode of a field 
effect transistor, and a method for driving the same. 

[Prior Art] 

Known one-transistor type nonvolatile semiconductor memories having a 
ferroelectric film are three types of transistors, that is, an MFS transistor, an MFIS 
transistor and an MFMIS transistor. 

An MFS transistor has a Metal/Ferroelectric/Semiconductor multi-layer structure 
and includes a gate insulating film of a ferroelectric film directly formed on a channel 
region of a semiconductor substrate. 

An MFIS transistor has a Metal/Ferroelectric/Insulator/Semiconductor multi-layer 
structure and includes a dielectric film serving as a buffer layer formed between a gate 
insulating film of a ferroelectric film and a semiconductor substrate. The MFIS transistor 
is improved in the surface characteristic as compared with the MFS transistor. 

An MFMIS transistor has a Metal/Ferroelectric/Metal/Insulator/Semiconductor 
multi-layer structure and includes a ferroelectric capacitor formed on a gate electrode of a 
field effect transistor having the MOS structure. The MFMIS transistor is formed in 
either of the following two known structures: In the first structure, the ferroelectric 
capacitor is formed above the gate electrode of the field effect transistor with an insulating 
film sandwiched therebetween; and in the second structure, the gate electrode of the field 
effect transistor also works as the lower electrode of the ferroelectric capacitor. 



In a memory cell using, as a data storing transistor, a one-transistor type 
nonvolatile semiconductor memory having a ferroelectric film (namely, a nonvolatile 
memory), the memory cell is constructed by connecting a transistor for gate selection and a 
transistor for source selection to a data storing transistor of an MFS transistor as disclosed 
in, for example, Japanese Patent No. 2921812. 

FIG. 6 shows the circuit configuration of the one-transistor type nonvolatile 
semiconductor memory described in Japanese Patent No. 2921812. In FIG. 6, WL 
denotes a word line for write, RL denotes a word line for read, GL denotes an operation 
voltage supply line, BL denotes a bit line, Qi denotes a data storing transistor, Q 2 denotes 
a writing transistor and Q3 denotes a reading transistor. 

The gate of the data storing transistor Qi is connected to the operation voltage 
supply line GL through the writing transistor Q 2 , the drain of the data storing transistor Qi 
is connected to the bit line BL through the reading transistor Q 3 , and the source of the data 
storing transistor Qi is grounded. A memory cell array is formed by arranging a plurality 
of memory cells each having this circuit configuration on a silicon substrate. 

A data erase operation, a data write operation and a data read operation of the 
memory cell having this circuit configuration will now be described with reference to FIG. 
7. 

In the data erase operation, negative potential is applied to a well region of a 
semiconductor substrate so as to apply a voltage between the gate of each data storing 
transistor Qi and the substrate. Thus, the polarization of ferroelectric films are turned 
along the same direction. In this manner, data stored in all the memory cells are erased. 

In the data write operation, a voltage is applied between the substrate and the gate 
of the data storing transistor Qi of the memory cell disposed in an address selected by the 
writing transistor Q 2 , so as to reverse the polarization direction of the ferroelectric film of 
this transistor (to place it in an on-state) or the polarization direction of the ferroelectric 
film of the transistor is kept (to place it in an off-state) without applying the voltage 



between the gate and the substrate. Specifically, a data is written by causing either of two 
kinds of polarized states, that is, to reverse the polarization (which corresponds to an 
on-state) and to keep the polarization (which corresponds to an off-state) in accordance 
with the input data. Since the polarized state of the ferroelectric film is kept without 
5 applying a voltage, the memory cell functions as a nonvolatile semiconductor memory. 

In the data read operation, the reading transistor Q3 is turned on, so as to detect 
voltage drop accompanied by a current flowing from the bit line BL through the channel of 
the data storing transistor Qi to a ground line (namely, a drain-source current). Since the 
channel resistance is varied depending upon the polarized state of the ferroelectric film of 
10 the data storing transistor Qi, a data written in the data storing transistor Qi can be thus 
read. 

[Problems that the Invention is to solve] 
In driving the nonvolatile semiconductor memory, then efficiency of the read 
operation is improved by setting the threshold voltage of the data storing transistor Qi to a 

15 gate voltage Vg for maximizing a difference between the drain-source current Ids on a 
subthreshold curve of the data storing transistor Qi obtained when the polarization 
direction of the ferroelectric film is reversed (namely, in an on-state) and the drain-source 
current Ids on a subthreshold curve of the data storing transistor Qi obtained when the 
polarization direction of the ferroelectric film is not reversed (namely, in an off-state). 

20 The conventional nonvolatile semiconductor memory, however, has an 

unavoidable problem that a read voltage is lowered (namely, a drain-source voltage is 
lowered) with time. 

In consideration of the conventional problem, an object of the invention is 
improving the retention characteristic of a nonvolatile semiconductor memory, namely, 
25 improving (a drain-source current Ids' after time) / (a drain-source current Ids in initial 
state), by suppressing the phenomenon that the read voltage is lowered with time. 
[Means of Solving the Problems] 



In order to achieve the object, the present inventors have carried out experiments 
with paying attention to a read voltage (a drain-source voltage) employed in a read 
operation, which is conventionally minimally considered. As a result, it has been found 
that degradation of a drain-source current Ids can be suppressed by setting the read voltage 
to a value belonging to a drain non-saturated region (i.e., a region where the drain-source 
current depends upon the drain-source voltage) of a field effect transistor included in a 
semiconductor memory. The method for driving a semiconductor memory of this 
invention was devised on the basis of this finding. 

Specifically, the first method of this invention for driving a semiconductor 
memory composed of an MFS transistor including a field effect transistor having a gate 
electrode formed on a ferroelectric film or an MFIS transistor including a field effect 
transistor having a gate electrode formed on a multi-layer film of a ferroelectric film and a 
dielectric film, comprises the steps of writing a data in the semiconductor memory by 
changing a polarized state of the ferroelectric film by applying a voltage to the gate 
electrode; and reading a data written in the semiconductor memory by detecting a current 
change appearing between a drain and a source of the field effect transistor by applying a 
voltage between the drain and the source of the field effect transistor with a voltage applied 
to the gate electrode, and magnitude of the voltage applied between the drain and the 
source of the field effect transistor in the step of reading a data is set within a range where 
a drain-source current of the field effect transistor increases as a drain-source voltage 
thereof increases. 

The second method of this invention for driving a semiconductor memory 
composed of an MFMIS transistor including a ferroelectric capacitor formed above a gate 
electrode of a field effect transistor and having a control gate composed of an upper 
electrode of the ferroelectric capacitor, comprises the steps of writing a data in the 
semiconductor memory by changing a polarized state of a ferroelectric film of the 
ferroelectric capacitor by applying a voltage to the control gate; and reading a data written 



in the semiconductor memory by detecting a current change appearing between a drain and 
a source of the field effect transistor by applying a voltage between the drain and the 
source of the field effect transistor with a voltage applied to the control gate, and 
magnitude of the voltage applied between the drain and the source of the field effect 
transistor in the step of reading a data is set within a range where a drain-source current of 
the field effect transistor increases as a drain-source voltage thereof increases. 

In the first or second method for driving a semiconductor memory of this invention, 
the magnitude of the voltage applied between the drain and the source of the field effect 
transistor in the step of reading a data, namely, the magnitude of the read voltage, is set 
within the range where the drain-source current of the field effect transistor increases as the 
drain-source voltage of the field effect transistor increases. Accordingly, the lowering of 
the drain-source current with time can be suppressed. 

The first semiconductor memory of this invention composed of an MFS transistor 
including a field effect transistor having a gate electrode formed on a ferroelectric film or 
an MFIS transistor including a field effect transistor having a gate electrode formed on a 
multi-layer film of a ferroelectric film and a dielectric film, comprises first voltage supply 
means for supplying a first voltage to the gate electrode for changing a polarized state of 
the ferroelectric film in data write; and second voltage supply means for supplying a 
second voltage between a drain and a source of the field effect transistor in data read, and 
magnitude of the second voltage supplied by the second voltage supply means is set within 
a range where a drain-source current of the field effect transistor increases as a 
drain-source voltage thereof increases. 

The second semiconductor memory of this invention composed of an MFMIS 
transistor including a ferroelectric capacitor formed above a gate electrode of a field effect 
transistor, comprises a control gate composed of an upper electrode of the ferroelectric 
capacitor; first voltage supply means for supplying a first voltage to the control gate for 
changing a polarized state of the ferroelectric film in data write; and second voltage supply 



means for supplying a second voltage between a drain and a source of the field effect 
transistor in data read, and magnitude of the second voltage supplied by the second voltage 
supply means is set within a range where a drain-source current of the field effect transistor 
increases as a drain-source voltage thereof increases. 
5 In the first or second semiconductor memory of this invention, the magnitude of 

the second voltage applied between the drain and the source of the field effect transistor by 
the second voltage supply means in the data read is set within the range where the 
drain-source current of the field effect transistor increases as the drain-source voltage of 
the field effect transistor increases. Accordingly, the lowering of the drain-source current 
10 with time can be suppressed. 

[Embodiments of the Invention] 
A method for driving a semiconductor memory according to a preferred embodiment 
of the invention will now be described by exemplifying a driving method for an MFIS 
transistor. 

15 As shown in FIG. 1, a pair of n-type dopant diffusion layers 12 serving as a drain 

and a source are formed in surface portions of a p-type semiconductor substrate 11 of 
silicon. On the semiconductor substrate 11, a dielectric film 13 of CeC>2 with a thickness 
of 20 nm and a ferroelectric film 14 of SrBi 2 Ta2C>9 with a thickness of 200 nm are 
successively formed, so as to form a gate insulating film from the dielectric film 13 and the 

20 ferroelectric film 14. A gate electrode 15 of aluminum is formed on a region of the gate 
insulating film sandwiched between the pair of n-type dopant diffusion layers 12, and the 
gate electrode 15 has a gate length of 7 fl m and a gate width of 5 /im. 

In FIG. 2, a solid curve denotes a V gs -Id S characteristic obtained by measuring a 
drain-source current Ids with a gate-source voltage V gs varied from 0 V to 2 V after 

25 applying a voltage of +8 V to the gate electrode 15 of the MFIS transistor having the 
aforementioned structure, and a broken curve denotes a V gs -Ids characteristic obtained by 
measuring a drain-source current Ids with a gate-source voltage V gs varied from 0 V to 2 V 



after applying a voltage of —8 V to the gate electrode 15 of the MFIS transistor having 
the aforementioned structure. 

As obvious from FIG. 2, a voltage difference V t between the gate-source voltage 
V gs obtained by applying a voltage of +8 V to the gate electrode 15 (namely, in an on-state) 
5 and the gate-source voltage V gs obtained by applying a voltage of —8 V to the gate 
electrode 15 (namely, in an off-state) is 0.6 V. Also, when the gate-source voltage V gs 
applied in a read operation is set to 0.9 V, the drain-source current Ids obtained in an 
on-state is approximately 10 3 times as large as the drain-source current Ids obtained in an 
off-state. In other words, when the gate voltage is set to 0.9 V in a read operation, (the 

10 drain-source current in an on-state) / (the drain-source current in an off-state) is 
approximately 1 x 10 3 . 

FIG. 3 shows the relationship between a drain-source voltage Vds and a 
drain-source current Ids of the MFIS transistor obtained in the initial state, obtained after 
allowing the MFIS transistor to stand for 2 x 10 6 seconds at room temperature from the 

15 initial state and obtained after allowing the MFIS transistor to stand for 6 x 10 6 seconds 
at room temperature from the initial state. As understood from FIG. 3, when the MFIS 
transistor is allowed to stand at room temperature for a long period of time, the 
drain-source current Ids is lowered to approximately 1/10 of that obtained in the initial 
state because of charge loss and polarization degradation derived from leakage in the 

20 ferroelectric film. 

FIG. 4 shows the ratio of a drain-source current Ids' obtained after 2 x 10 6 
seconds or 6 x 10 6 seconds to the drain-source current Ids obtained in the initial state 
(Ids'/Ids). 

In FIGS. 3 and 4, a drain non-saturated region means a region where the 
25 drain-source current depends upon the drain-source voltage, and a drain saturated region 
means a region where the drain-source current does not depend upon the drain-source 
voltage. In other words, the drain non-saturated region means a region where the 



drain-source current Ids increases as the drain-source voltage Vds increases, and the drain 
saturated region means a region where the drain-source current Ids minimally increases 
even when the drain-source voltage V D s increases. In FIGS. 3 and 4, a region where the 
drain-source voltage Vds is 0.3 V or lower corresponds to the drain non-saturated region, 
5 and a region where the drain-source voltage Vds is higher than 0.3 V corresponds to the 
drain saturated region. 

It is understood from FIG. 4 that the ratio Ids'/Ids is larger in the drain 
non-saturated region (namely, the region where V D s = 0.3 V) than in the drain saturated 
region (namely, the region where Vds > 0.3 V), and is approximately 20% when the 
10 source-drain voltage V S d is 0.1 V. 

Accordingly, it is understood that the lowering of the drain-source current Ids' can 
be more largely suppressed by setting the read voltage (the source-drain voltage V S d) to a 
value belonging to the drain non-saturated region than by setting the read voltage to a 
value belonging to the drain saturated region, and that the source-drain current can be kept 
15 at approximately 20% of that attained in the initial state by setting the gate-source voltage 
V gs employed in a read operation to 0.9 V and the read voltage to 0.1 V. 

Although the MFIS transistor is exemplified in this embodiment, the method for 
driving a semiconductor memory of this embodiment is similarly applicable to an MFS 
transistor and an MFMIS transistor in addition to the MFIS transistor. 
20 A semiconductor memory for realizing the aforementioned driving method will 

now be described with reference to FIG. 5. 

FIG. 5 shows the plane structure of a semiconductor chip 1 mounting a memory 
cell array including the semiconductor memory of this embodiment. On the 
semiconductor chip 1, a memory cell array 2, a row driver 3, a column driver 4, an I/F 
25 circuit 5 and a DC-DC converter 6 are formed. 

A power voltage introduced from the outside to a VDD terminal on the 
semiconductor chip 1 and a ground voltage introduced from the outside to a GND terminal 

10 



on the semiconductor chip 1 are respectively supplied to the row driver 3 and the column 
driver 4 corresponding to driving circuits for driving the memory cell array 2. 

Also, the power voltage introduced to the VDD terminal is supplied to the DC-DC 
converter 6, which generates a DC voltage +V P , a DC voltage — V p , a DC voltage Vd and 
5 a DC voltage V r . The DC voltage +V P generated by the DC-DC converter 6 is sent to the 
row driver 3 and the column driver 4, the DC voltage — V p generated by the DC-DC 
converter 6 is sent to the column driver 4, and the DC voltage Vd and the DC voltage V r 
generated by the DC-DC converter 6 are sent to the column driver 4. 

In a data write operation, the DC voltage +V P or ~V P generated by the DC-DC 
10 converter 6 is supplied as a first voltage to the gate electrode 15 of the MFIS transistor, so 
as to change the polarized state of the ferroelectric film 14. 

In a data read operation, the DC voltage Vd generated by the DC-DC converter 6 
or the ground voltage 0 V introduced to the GND terminal is supplied as a second voltage 
to the n-type dopant diffusion layers 12 serving as the drain and source of the MFIS 
1 5 transistor. 

[Effects of the Invention] 
In the semiconductor memory and the method for driving the same of this invention, 
the magnitude of the voltage applied between the drain and the source of the field effect 
transistor in the step of reading a data, namely, the magnitude of the read voltage, is within 
20 the range where the drain-source current of the field effect transistor increases as the 
drain-source voltage of the field effect transistor increases. Accordingly, the lowering of 
the drain-source current with time can be suppressed. 
[Brief Description of the Drawings] 
[FIG. 1] 

25 FIG. 1 is a cross-sectional view of an MFIS transistor to be driven by a method for 

driving a semiconductor memory according to an embodiment of the invention. 
[FIG. 2] 
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FIG. 2 is a V gs -Ids characteristic diagram obtained by measuring a drain-source 
current with a gate-source voltage varied from 0 V to 2 V after applying a voltage of +8 V 
or —8 V to the gate electrode of the MFIS transistor to be driven by the method for 
driving a semiconductor memory of the embodiment. 
[FIG. 3] 

FIG. 3 is a diagram for showing the relationship between a drain-source voltage and 
a drain-source current obtained in the initial state of the MFIS transistor to be driven by the 
method for driving a semiconductor memory of the embodiment, obtained after allowing 
the MFIS transistor to stand for 2 x 10 6 seconds at room temperature from the initial 
state and obtained after allowing the MFIS transistor to stand for 6 x 10 6 seconds at 
room temperature from the initial state. 
[FIG. 4] 

FIG. 4 is a diagram for showing a ratio of a drain- source current obtained, in the 
MFIS transistor to be driven by the method for driving a semiconductor memory of the 
embodiment, after allowing the MFIS transistor to stand for 2 x 10 6 seconds or 6 x 10 6 
seconds to a drain-source current obtained in the initial state. 
[FIG. 5] 

FIG. 5 is a plane view of a semiconductor chip mounting a memory cell array 
including a semiconductor memory according to the embodiment of the invention. 
[FIG. 6] 

FIG. 6 is a diagram for showing the circuit configuration of a conventional 
nonvolatile semiconductor memory. 
[FIG. 7] 

FIG. 7 is a diagram for illustrating operations for erasing, writing and reading data in 
a method for driving the conventional nonvolatile semiconductor memory. 
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[Name of the Document] ABSTRACT 
[Summary] 

[Purpose] There is provided a nonvolatile semiconductor memory in which the 
phenomenon that the read voltage is lowered with time is suppressed. 

[Solution] A method for driving a semiconductor memory including a field effect 
transistor having a gate electrode formed on a ferroelectric film includes the steps of 
writing a data in the semiconductor memory by changing a polarized state of the 
ferroelectric film by applying a voltage to the gate electrode, and reading a data written in 
the semiconductor memory by detecting a current change appearing between a drain and a 
source of the field effect transistor by applying a voltage between the drain and the source 
of the field effect transistor with a voltage applied to the gate electrode. The magnitude 
of the voltage applied between the drain and the source of the field effect transistor in the 
step of reading a data is set within a range where a drain-source current of the field effect 
transistor increases as a drain-source voltage thereof increases. 
[Selected Figure] None 



13 



